INTRODUCTION
============

Inflammatory and immune responses to oral microorganisms are the preconditions of periodontitis. These responses protect gingival tissues against local microbial invasion and prevent microorganisms and/or microorganism-derived toxic substances from spreading into the tissues. Some toxic substances can damage host cells and tissues and others stimulate inflammatory, cellular, or humoral immune systems, which can damage peripheral tissues. The pathogens that are implicated in periodontitis are mainly anaerobic, gram-negative organisms, and (inflammatory) irritants such as lipopolysaccharide (LPS), referred to as putative periodontal pathogens \[[@B1]\]. Nitric oxide (NO) is a free radical and an important cellular signaling molecule involved in many physiological and pathological processes \[[@B2]\]. NO may act as a cytotoxic molecule against the invading microorganism and may be related to both harmful and beneficial effects on the general pathogenesis of tissues \[[@B3]\]. While excessive NO production is associated with tissue injury, NO produced by the endothelium is believed to play a protective role in the micro-vasculature \[[@B4]\]. Reher et al. \[[@B5]\] analyzed the association between severity of chronic periodontitis and NO levels in saliva and reported that its severity was related to salivary concentration and that NO might serve as a potential biologic marker for chronic periodontitis. In addition, Batista et al. \[[@B3]\] reported in a quantitative study that the presence of NO is an important medium in human periodontal disease. NO is synthesized from L-arginine by enzymes named NO synthases (NOS). Two of the three different NOS isoforms are endothelial NOS and brain or neuronal NOS and they produce a low concentration of NO for a short duration, while inducible NOS (iNOS) produces a high concentration of NO for a long period and the expression of iNOS is stimulated by bacterial products and cytokines such as interleukin (IL)-1 and tumor necrosis factor (TNF)-α \[[@B6]\].

Tissue inhibitors of metalloproteinases (TIMPs) were first identified in 1975 and described as proteins that might serve as potent inhibitors of collagenase in the culture medium of human fibroblasts and in human serum \[[@B7]\]. Since then, three new TIMPs have been discovered and designated as TIMP-2, TIMP-3, and TIMP-4, respectively. TIMPs are natural inhibitors of the matrix metalloproteinase (MMP) found in most tissues and inhibit the proteolytic activity of MMPs. A disturbance of the balance between TIMPs and MMPs might contribute to disease progress. However, TIMP-3 is the only member of the TIMP family that is found exclusively in the extracellular matrix (ECM) and regulated in a cell cycle-dependent fashion in certain cell types, and it may serve as a marker for terminal differentiation. On the other hand, TIMP-4 may function in a tissue-specific fashion in ECM hemostasis \[[@B8]\]. TIMP-3 expression is inducible, whereas TIMP-4 shows the most restricted pattern of expression \[[@B9]\].

Type 2 diabetes mellitus (DM) is a metabolic disease and is characterized by hyperglycemia. Type 2 DM comprises about 85-90% of diabetic cases, and advanced glycation end products excessively produced under diabetic conditions may promote inflammatory mediators. There is a biological correlation between type 2 diabetes and periodontal disease, and polymorphonuclear leukocyte deficiency, altered pathologic capacity of bacteria, and altered collagen metabolism of diabetic environment may cause severe periodontitis.

Although iNOS, TIMP-3, and TIMP-4 expression can be found in different diseases, it has not been reported that TIMP-3 and TIMP-4 are expressed in certain specific cells or tissues. However, it is suggested that TIMPs are associated with the immune response and NO is generated by immune cells as part of the human immune response. While periodontitis and DM exhibit impaired immune processes, no study has yet reported on the expression of iNOS, TIMP-3, or TIMP-4 in human gingival tissues. Therefore, the purpose of this study is to analyze the expression of iNOS, TIMP-3, and TIMP-4 in the gingival tissues of periodontal patients with or without type 2 DM.

MATERIALS AND METHODS
=====================

Study population and tissue sampling
------------------------------------

Samples were obtained from patients undergoing periodontal surgery or extraction and comprised junctional and crevicular epithelium and connective tissue. The samples included 16 cases diagnosed as periodontally healthy (group 1), 16 cases with chronic moderate periodontitis (group 2), and 16 cases with chronic moderate periodontitis with DM (group 3). The patients of group 1 and group 2 were systemically healthy. This study was approved by the Ethical Committee of Clinical Experiments, Kyungpook National University Hospital (No. 74005-418).

The diagnosis of chronic periodontitis was established on the basis of clinical and radiographic criteria. The patients with chronic periodontitis had more than one periodontal pocket with a depth of ≥5 mm, with at least one pocket having ≥5 mm loss of attachment and all gingival samples were obtained from the teeth with a probing depth of ≥5 mm, swelling of the marginal gingiva, and bleeding corresponding to gingival sulcus bleeding indexes above 3 according to Muhlemann and Son \[[@B10]\]. The patients in group 3 were diagnosed with diabetes when their fasting plasma glucose exceeded 126 mg/dL or two-hour postprandial glucose exceeded 200 mg/dL \[[@B11]\]. Following surgery, excised tissue specimens were immediately placed in liquid nitrogen and subsequently frozen at -70℃.

Protein isolation and western blotting
--------------------------------------

For western blotting, frozen tissues were broken down mechanically using a homogenizer in radio immunoprecipitation assay lysis buffer (10 mM ethylenediaminetetraacetic acid, 0.15 M NaCl) with 1:30 diluted protease inhibitor cocktail (Roche, Mannheim, Germany) \[[@B12]\]. The lysates were centrifuged at 12,000 g for 15 minutes at 4℃. Protein concentrations of supernatant liquid were quantitatively analyzed by a Bradford protein assay (Quick Start, Bio-Rad Laboratories Inc., Hercules, CA, USA) using bovine serum albumin as a standard.

The lysates were boiled for 3 minutes in sodium dodecyl sulfate (SDS) sample buffer (1 M Tris-Cl \[pH 6.8\], 40% glycerol, 8% SDS, 2% mercaptoethanol, 0.002% bromophenol blue). The prepared samples were separated by 15% SDS-polyacrylamide gels using gel electrophoresis, which maintains the polypeptides in a denatured state, and were transferred to a polyvinylidene diflouride membrane to make the proteins accessible to antibody detection.

Blocking of the membranes was subsequently achieved in Tris-buffered saline (TBS) with a minute percentage of detergent such as Tween 20 containing 5% powdered milk for 1 hour. The membranes were then incubated with polyclonal anti-iNOS antibody and anti-TIMP-3 and anti-TIMP-4 antibodies (diluted 1:1,000 in TBS, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) for 1.5 hours at room temperature.

The membranes were washed in TBS with Tween 20 three times for 10 minutes and incubated with a horseradish peroxidase linked goat antirabbit secondary antibody for anti-iNOS antibody, anti-TIMP-3 and anti-TIMP-4 antibodies (diluted 1: 2,000 in TBS) for 1 hour at room temperature. After that, rinsing was performed three times for 10 minutes with Tween 20. The membranes were developed with an ECL Plus development kit (Amsterdam, Beckinghamshire, UK).

The quantitative analysis of iNOS, TIMP-3, and TIMP-4 expression and β-actin (Abcam plc, Cambridge, UK) was performed using a densitometer (Image Gauge V 3.46, Koshin Graphic Systems, Fuji Photo Film Co., Tokyo, Japan). After normalization in each sample, the relative levels of iNOS, TIMP-3, and TIMP-4 were expressed as a ratio of iNOS, TIMP-3, and TIMP-4/β-actin, and the differences among the groups were compared.

Statistical analysis of the western blot results
------------------------------------------------

All data were presented as mean±standard deviation and the results were statistically analyzed. The iNOS, TIMP-3, and TIMP-4 levels were compared using one way analysis of variance and the Kruskal-Wallis test followed by Tukey\'s and Dunnett\'s tests. A *P*-value\<0.05 was considered to be statistically significant.

RESULTS
=======

The gingival tissue from the patients of the normally healthy group, chronic periodontitis group, and chronic periodontitis with type 2 DM group showed the expression of iNOS corresponding to a molecular weight of 130 kDa in all samples. One representative band of iNOS is shown in [Fig. 1](#F1){ref-type="fig"}. The expression levels of iNOS were increased in group 1, group 2, and group 3 in increasing order. The quantification of iNOS expression is shown in [Table 1](#T1){ref-type="table"} and summarized as a graph in [Fig. 2](#F2){ref-type="fig"}. The quantification of the density and areas of the expressed iNOS band in all three groups is performed using a densitometer. The mean normalized value of iNOS expression relative to its β-actin value was 0.107±0.091 in group 1, 0.504±0.166 in group 2, and 0.604±0.234 in group 3. More increased iNOS levels were observed in group 2 than group 1, in group 3 than group 1, and in group 3 than group 2. There were statistically significant differences both between group 1 and group 2 and between group 1 and group 3 (*P*\<0.05). However, there was no significant difference between group 2 and group 3.

The gingival tissue from the patients of the normally healthy group, chronic periodontitis group, and chronic periodontitis with type 2 DM group showed the expression of TIMP-3 corresponding to a molecular weight of 21 kDa in all of the samples. One representative band of TIMP-3 is shown in [Fig. 3](#F3){ref-type="fig"}. The expression levels of TIMP-3 were increased in group 1, group 2 and group 3 in increasing order. The quantification of TIMP-3 expression is shown in [Table 2](#T2){ref-type="table"} and summarized as a graph in [Fig. 4](#F4){ref-type="fig"}. The quantification of the density and areas of the expressed TIMP-3 band in all three groups was performed using a densitometer. The mean normalized value of TIMP-3 expression relative to its β-actin was 0.103±0.060 in group 1, 0.261±0.104 in group 2, and 0.375±0.153 in group 3. More increased TIMP-3 levels were observed in group 2 than group 1, in group 3 than group 1, and in group 3 than group 2. There was a significant difference both between group 1 and group 2 and between group 1 and group 3 (*P*\<0.05). However, there were no significant differences between group 2 and group 3.

The gingival tissue from the patients of the normally healthy group, chronic periodontitis group, and chronic periodontitis with type 2 DM group showed TIMP-4 expression corresponding to a molecular weight of 21 kDa in all of the samples. One representative band of TIMP-4 is shown in [Fig. 5](#F5){ref-type="fig"}. The expression levels of TIMP-4 were increased in group 1, group 2, and group 3 in increasing order. The quantification of TIMP-4 expression is shown in [Table 3](#T3){ref-type="table"} and summarized as a graph in [Fig. 6](#F6){ref-type="fig"}. The quantification of the density and areas of the expressed TIMP-4 band in all three groups is performed using a densitometer. The mean normalized value of TIMP-4 expression relative to its β-actin value was 0.168±0.082 in group 1, 0.333±0.1071 in group 2, and 0.497±0.193 in group 3. More increased TIMP-4 levels were observed in group 2 than group 1, in group 3 than group 1, and in group 3 than group 2. All of the groups showed significant differences from each other (*P*\<0.05).

DISCUSSION
==========

In periodontitis, bacteria activate the host immune system and inflammatory mediators continuously cause tissue destruction. Alveolar bone loss results from tissue destruction, and although various cytokines and mediators are concerned in these processes, the interactions are still obscure.

The activation of iNOS generates a large amount of NO for a long period, and this process is concerned with the immune reactions in various inflammatory diseases \[[@B13]\]. NO production, which is induced by iNOS, is important for antimicrobial activity in defense mechanisms \[[@B14],[@B15]\], but at the same time it plays a role in periodontitis and tissue destruction. In some studies, a large amount of NO has been shown to inhibit osteoblastic or osteoclastic activity in inflammatory diseases involved with cytokines \[[@B16],[@B17]\], so these processes are not linear but very complex. It has been shown that inhibition of iNOS reduced the bone destruction in an experimental periodontal animal model \[[@B18],[@B19]\], and the number of iNOS positive cells is more elevated in tissues with periodontal disease than in clinically normal gingival tissues. However, Lin et al. \[[@B20]\] reported that macrophages synthesizing iNOS were distributed in the osteolytic area and NO might aggravate bone loss by modulating MMP-1 synthesis. Alayan et al. \[[@B21]\] reported that a lack of alveolar bone resorption was seen in infected animals due to high concentrations of NO after iNOS induction by *Porphyromonas gingivalis* LPS with its inhibitory effects on osteoclasts. They suggested the difference in the study design, which was the observation period and the method of alveolar bone loss measurement, to be a potential cause of the conflicting results.

In the present study, immunoblotting analysis of human periodontal diseases showed a significant increase in the expression of iNOS in group 2 in relation to clinically healthy group 1. Group 3 with DM and chronic periodontitis showed higher expression of iNOS than group 2 with periodontitis only, but did not show a significant result. Hence, it seemed that iNOS expression did not play a major role in the increased severity of periodontitis in patients with DM. Since group 2 and group 3 had clinically moderate periodontal status, it was thought that the level of iNOS expression did not differ significantly. However, there have been reports of an increased level of proinflammatory markers such as TNF-α, NO, and the increased induction of iNOS expression in other organs in humans with type 2 DM \[[@B22]-[@B24]\]. Furthermore, Kashyap et al. \[[@B25]\] reported that impaired NOS activity may play an important role in the insulin resistance in type 2 DM patients. As appeared in the results of the present study, it was obvious that the level of iNOS expression was increased based on the source of infection in the inflammatory periodontium of healthy patients and diabetic patients. These results corresponded with other previous reports that compared periodontal tissue with clinically healthy tissue \[[@B3],[@B26]\]. It could be attributed to the increased expression of nitrosative stress that greater severity of periodontitis was generally observed in diabetic patients than in medically healthy patients regardless of the presence of similar local factors such as plaque deposition, teeth arrangement, occlusal relationship, and similar genetic traits. Although the increased level of iNOS expression in diabetic periodontal patients did not show a significant result, it was thought that the patients of group 2 and group 3 had similar periodontal conditions and the diabetic patients of group 3 might express a similar periodontal status despite a decrease in local or genetic factors due to increased nitrosative factors. Because only the result of tissue destruction might be reflected in this experiment, a further longitudinal study was required on the duration of inflammation, amount of NO, and time at which the tissue destruction occurs.

Nishikawa et al. \[[@B27]\] also proposed a scheme for the involvement of nitrosative stress and TNF-α in periodontitis under diabetic conditions. They suggested that the increased expression of TNF-α in diabetic conditions directly triggered aggravation of periodontal disease and indirectly caused aggravation of periodontal disease by stimulation of iNOS expression. TNF-α is produced chiefly by activated macrophages, although it can be produced by other cell types as well, such as CD4+ lymphocytes and NK cells. Macrophages can be activated by TNF-α to produce NO, which is derived by iNOS enzymes, and polymorphonuclear neutrophil leukocytes also can release NO and other reactive oxygen species \[[@B28]\]. Increased expression of TNF-α under diabetic conditions may stimulate iNOS expression whereas polymorphonuclear neutrophil leukocytes deficiency under the diabetic condition may reduce the protective function by decreased iNOS production. These relationships may also explain the difference between group 2 and group 3.

Therefore, further study may be required to develop a model to analyze the severity of disease and expression of inflammatory mediators in diseased sites in which inhibitors of iNOS and/or TNF-α are applied, especially in diabetic patients.

ECM is the extracellular part of human tissue. MMPs are able to degrade all kinds of ECM proteins, and the role of MMPs is also important for controlled remodeling of the ECM in periodontal disease. TIMPs basically bind to MMPs and the activation of MMPs is regulated by TIMPs, which are a specific group of endogenous proteins. Thus, the balance between MMPs and TIMPs may maintain tissue remodeling and metabolism. It is the increase of certain mediators under inflammatory conditions that causes disequilibration, resulting in periodontal destruction.

Garlet et al. \[[@B29]\] reported that the gingival tissues from the patients of chronic or aggressive periodontitis showed a stronger mRNA expression of TIMP-1, TIMP-2, and TIMP-3 than those from periodontally healthy patients, and TIMP-3 and TIMP-1 expression was more intense in chronic periodontitis than in aggressive periodontitis. Another study reported that TIMP-3 mRNA levels were similar in diseased and healthy gingival tissues, and the gene expression level of TIMP-4 was significantly higher in periodontitis-affected tissues than in normal gingival tissues \[[@B30]\]. They emphasized the correlation between TIMP-3 and TNF-α converting enzyme (TACE) and suggested that *TIMP-4* gene expression was considered an adaptive phenomenon to react to periodontal destruction of ECMs by MMPs. Also, Nakasone et al. \[[@B31]\] reported that inflammatory cells, including lymphocytes, plasma cells, and macrophages, expressed faint expression for TIMP-3 in inflammatory tissues, but TIMP-4 was up-regulated by inflammation. Meanwhile, Claudino et al. \[[@B32]\] reported that TIMP-3 mRNA was found to be higher in diseased gingival tissues than in healthy ones and suggested that TIMPs effectively counteracted MMPs and were associated with the attenuation of disease severity.

In our study, the expressions of TIMP-3 and *TIMP-4* were higher in group 2 than in group 1. In other words, TIMP-3 and TIMP-4 levels in diseased sites were higher than in healthy sites. It is thought that the level of TIMPs adjusts to maintain a balance with the increased level of MMPs induced in the inflammatory response, and TIMP-3 and TIMP-4 might also be regulators of inflammatory cytokines. Typical well known mediators such as TNF-α and IL-1β trigger tissue destruction by generating proteases among which MMPs are the most important \[[@B33]\], while TIMPs are the principal inhibitors. As periodontitis is generally a type of chronic disease, the process of periodontitis has a progressive period and resting period, and most tissue destruction occurs during the progressive period. It is thought that during this period, the activity of MMPs is prominent, and TIMPs can increase accordingly. Garlet et al. \[[@B34]\] reported that increased levels of IL-4 and IL-10 were correlated with a higher expression of TIMPs and osteoprotegerin (OPG). Claudino et al. \[[@B32]\] reported that the anti-inflammatory cytokine IL-10 induced the expression of TIMPs and OPG, which were inhibitors of MMPs and receptor activator of nuclear factor kappa-B ligand systems, respectively. It has been reported that IL-4, IL-10, and OPG serve to inhibit bone resorption in periodontal disease \[[@B35]\]. Consequently, TIMPs seem to be regarded as favorable stimulators in the pathogenesis of periodontal disease.

Interestingly, the levels of TIMP-3 in group 2 and group 3 did differ significantly. TIMP-3 was found to be a strong inhibitor of TACE among other TIMPs \[[@B36]\] and TACE. Diabetic conditions can increase the expression of markers of systemic inflammation and Monroy et al. \[[@B37]\] showed that insulin-resistant conditions were associated with the increased level of TACE activity and such conditions were correlated with the down-regulation of TIMP-3 in human skeletal muscle. They suggested that the down-regulation of TIMP-3 leads to an increased level of TACE. It can also increase the TNF-α effect, resulting in the increased severity of the inflammatory process. Cardellini et al. \[[@B38]\] suggested that metabolic-dependent reduction of TIMP-3 expression might increase the activity of inflammatory enzymes, which play a role in atherothrombosis. It is thought that since group 3 is under both inflammatory and diabetic conditions, group 1 and group 2 showed a significant difference while group 2 and group 3 did not. Therefore, the altered TIMP-3 level associated with TACE in periodontitis accompanied by DM might explain periodontal severity.

Koskivirta et al. \[[@B39]\] reported that T lymphocytes and monocytes/macrophages produced TIMP-4 in human cultured cells and TIMP-4 was immunohistochemically localized to inflammatory cells in human cardiovascular structures, mainly macrophages and CD3+ T lymphocytes. They also mentioned that higher blood pressure of coronary arteries probably stimulated MMP expression, thereby increasing TIMP-4 expression to inhibit inappropriate remodeling of the arterial wall. In diabetic conditions in which neutrophils are inefficient in their microbial response, macrophages and lymphocytes form a greater part of the immune response, and it is thought that induced MMP secretion by monocytes/macrophages constitutively increases TIMP-4 production. TIMP-4 is a highly regulated inflammatory mediator and modulator of immune response under diabetic condition.

In conclusion, this study demonstrated that iNOS, TIMP-3, and TIMP-4 might be involved in the progression of periodontal inflammation associated with type 2 DM. Although mechanical and chemical therapeutic strategies for the treatment of periodontitis are known, the application of molecular biology to understanding inflammatory and metabolic disease is under ongoing study. Therefore, it is thought that further study of these factors can be applied practically for the diagnosis and control of periodontitis in diabetics.
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![Graph showing average amounts and standard deviation (ratio of inducible nitric oxide synthases \[iNOS\]/β-actin) in groups 1, 2, and 3. The levels of iNOS of the diseased gingiva were higher than those of healthy gingiva. ^a)^Significant difference between group 1 and group 2 (*P*\<0.05). ^b)^Significant difference between group 1 and group 3 (*P*\<0.05).](jpis-43-87-g002){#F2}

![Pattern of tissue inhibitors of metalloproteinase (TIMP)-3 expression of 4 representative samples in western blot analysis. The expression levels of TIMP-3 were normalized to β-actin in all individuals from each group. Group 1: healthy periodontal tissue from systemically healthy patient, Group 2: diseased periodontal tissue from patient with chronic periodontitis, Group 3: diseased periodontal tissue from patient with chronic periodontitis and diabetes mellitus.](jpis-43-87-g003){#F3}

![Graph showing averages and standard deviations (ratio of tissue inhibitors of metalloproteinase \[TIMP\]-3/β-actin) in groups 1, 2, and 3. The levels of TIMP-3 in the diseased gingiva were higher than those in the healthy gingiva. ^a)^Significant difference between group 1 and group 2 (*P*\<0.05). ^b)^Significant difference between group 1 and group 3 (*P*\<0.05).](jpis-43-87-g004){#F4}

![Pattern of tissue inhibitors of metalloproteinase (TIMP)-4 expression of 4 representative samples by western blot analysis. The expression levels of TIMP-4 were normalized to β-actin in all individuals from each group. Group 1: healthy periodontal tissue from systemically healthy patient, Group 2: diseased periodontal tissue from patient with chronic periodontitis, Group 3: diseased periodontal tissue from patient with chronic periodontitis and diabetes mellitus.](jpis-43-87-g005){#F5}

![Graph showing averages and standard deviations (ratio of tissue inhibitors of metalloproteinase \[TIMP\]-4/β-actin) in groups 1, 2, and 3. The levels of TIMP-4 of the diseased gingiva were higher than those of healthy gingiva. ^a)^Significant difference between group 1 and group 2 (*P*\<0.05). ^b)^Significant difference between group 1 and group 3 (*P*\<0.05). ^c)^Significant difference between group 2 and group 3 (*P*\<0.05).](jpis-43-87-g006){#F6}
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Normalized iNOS expressions by iNOS/β-actin.
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iNOS: inducible nitric oxide synthases, SD: standard deviation.
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Normalized TIMP-3 expression by TIMP-3/β-actin.
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TIMP-3: tissue inhibitors of metalloproteinase-3, SD: standard deviation.
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Normalized TIMP-4 expression by TIMP-4/β-actin.
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TIMP-4: tissue inhibitors of metalloproteinase-4, SD: standard deviation.
